Aims: The aim of the study was to describe the natural course of handgrip strength development in primary school children and to establish a reference material to be used in future screening studies. In addition, the study aims to investigate a possible association between handgrip strength and cardiovascular risk factors. Methods: Anthropometric measures along with results for handgrip strength, endurance tests, blood pressure and cholesterol were measured on 2272 children of both sexes. An ROC analysis was used to estimate the suitability of handgrip strength as a predictor for known cardiometabolic risk factors. Results: A reference material for handgrip strength is presented for boys and girls aged 6-12 years. The results indicate that handgrip strength is unsuitable as a predictor for cardiometabolic risk factors in children. Conclusions: The results may be used as reference values for handgrip strength in 6-12-year-old children of both sexes. Handgrip strength may not be used as a screening tool for cardiometabolic risk factors in pre-pubertal children.
Background
Muscle strength is an important factor in children's development. It is the basis for locomotive movement, and thereby play and social interaction with other children. Sufficient muscle strength in childhood is, at its essence, the basis for social development. Without adequate strength, a child may, in the worst case, lag behind in play and become isolated and have trouble making friends. Many would argue that today's children are less dependent on muscle strength due to less physical activity, and that more indoor activity with electronic equipment reduces the demand on muscle mass [1] . This, true as it may be, raises a major concern about children's physical status and fitness. For several years, studies have documented an increase in obesity in the child population, as well as reduced physical activity, increased level of cardiometabolic risk factors and a general decay in physical fitness [2] [3] [4] [5] . This makes focus on physical activity and muscular strength in today's children a priority [6] . Physical activity, with a certain longevity, intensity and quality, is essential to build sufficient muscle mass to withstand the burden of bodily chores during a long life [1] .
Studies conducted only decades ago may be used as a reference to see if today's children are less equipped with the necessary muscle mass [7] . Such investigations of children's muscle status should be done at regular intervals within any society to monitor possible decay. If such is found, it should be reported to health authorities for preventive measures to be initiated [8] . One might theorize that children with low levels of physical activity have less muscle mass and hence have inferior muscular strength. In addition, children with neuromuscular diseases, progressive developmental diseases and children involved in accidents will experience reduced handgrip strength. A reference material of strength in several age-groups will be of the essence with regard to future follow-up of children [9] .
Several studies have shown that there are natural sex differences with boys, on average, being stronger in all age-groups [10, 11] . Despite these expected differences, it is interesting to follow whether differences between sexes is sustained throughout life.
Muscle strength is strongly correlated to age, height and weight in pre-pubertal years and earlier studies have documented a linear increase in muscular strength in both boys and girls across age-groups [11] . In pubertal years in both sexes, but especially in boys, there is an exponential progression in muscle strength along with a rise in growth hormones. However, the substantial reduction of physical activity in today's children may have altered the slope of the linear development in pre-pubertal children. Perhaps a slower increase is eminent in groups with severely depressed physical activity levels. Others have speculated that an increase in weight seen worldwide should simultaneously lead to an increase in muscle strength [1] .
Despite difficulties predicting cardiometabolic diseases in late adulthood based on risk factors detected in childhood, studies have manifested tracing of risk factors across decades [2, 4, 6] . Elevated blood pressure, diminished physical activity level, low aerobic endurance, increased waist circumference (WC) and high levels of body mass index (BMI), serum cholesterol and percent body fat have all been proposed as important factors in predicting cardiometabolic diseases [2, 4, 6] . In adults, studies show that diminished muscle strength correlates both with reduced physical fitness, increasing cardiometabolic risk and mortality [12] [13] [14] [15] . Fewer studies have investigated this association in children [1, 7, 8] . Today, large batteries of test are usually assembled to categorize children in different risk groups, at large costs. If an easy accessible muscle strength test, combined with simple anthropometric measures, can distinguish between healthy children and children at risk of cardiometabolic diseases, this would simplify screening of health status in children.
The aims of the present study are to describe the natural course of handgrip strength development in primary school children and to establish a reference material to be used in future screening studies. In addition, we aim to investigate the association between muscle strength and cardiometabolic risk factors.
Methods

Sample
As a part of a large longitudinal intervention controlled study in Norway, called the Health Oriented Pedagogical Project (HOPP), parents of children from nine primary schools received an invitation to participate [16] . Of a total population of 2816 children, a sample of 2297 (82%) agreed to participate on baseline tests with a cross-sectional design in spring 2015. The total number of children conducting the different tests at different ages are listed in Table I . The study was conducted according to the Helsinki Declaration and approved by the Regional Committee for Medical Research Ethics and the Norwegian Social Science Data Service (2014/2064/ REK south-east).
Anthropometric measurements
All participants were tested non-fasting during school hours. Waist circumference was measured to the nearest 0.5 cm with an anthropometric non-elastic measuring tape, at full expiration at the level of the umbilicus. Body height was measured, without shoes, using a SECA 213 stadiometer (SECA GmbH, Germany) to the nearest 0.5 cm. Body mass was measured barefoot, in light clothing, using an electronic scale (Tanita MC-980MA, Tokyo, Japan). To compensate for the weight of clothes, 0.4 kg was subtracted from the total weight. The BMI of the children was calculated based on weight and height [16] .
Strength
Hand grip strength was measured using a Jamar handgrip (Jamar Dynamometer, lafayette, IN, USA). The children were instructed to stand firmly on both feet, with a straight elbow keeping the right arm tucked to the body. They were then told to squeeze as hard as possible for 2-3 seconds [7] . Prior to the test, the Jamar handgrip was adjusted to hand size. After reading the results, the procedure was repeated on the left arm. If the pupil misunderstood the instructions or clearly underachieved, the test was repeated until a successful test was accomplished, and the highest value was recorded. An international reference material was used for comparison of results [9] .
Aerobic fitness
Aerobic fitness was measured using the Andersen intermittent 20 m running test in all children using music signals every 15 seconds of running and then silence for 15 seconds with rest [17] . This lasted for 10 minutes, thus giving a total running time of 5 minutes. Supervisors controlled the running distance by checking on a formula the number of times the children run back and forth. After the last lap, the length in metres was registered [16] . Subjects were told to run as fast as they could in order to cover the longest possible distance [17] .
Blood pressure
All children were seated on a chair for a few minutes and the cuff from an automated blood pressure device (Model M3 Intellisense HEM-7051-E, Omron Healthcare, Kyoto, Japan) was attached to the left upper arm. When failure to detect pressure was apparent, a new test was done immediately. When three tests were unsuccessful, the cuff was attached to the right arm until a successful test was confirmed [16] .
Blood samples
The children were summoned from the classroom in groups of four, making sure they had not performed strenuous exercise prior to sample collection. A phlebotomist collected samples from the antecubital vein. Plasma was collected in 4 ml tubes with serum separator and clot activator (Vacuette®, Greiner Bio-One, Austria). After 30 minutes of coagulation, the gel tubes were centrifuged at 2000 G for 10 minutes. At the end of each collection session, samples were transported to the laboratory and immediately analysed according to laboratory standard procedures. The central laboratory at Vestfold Hospital Trust is certified according to NS-EN ISO 15189. Total cholesterol and high-density lipoprotein (HDl) were measured on Vitros 5600 (Ortho-Clinical Diagnostics, USA) with reagents from the supplier.
Statistics
The variables of interest are described using mean and standard deviation (SD). Any differences between groups are explained using parametric or non-parametric tests depending on normality distribution or not. Data defined by more than two categories are tested using ANOVA or Kruskal-Wallis test, depending on distribution.
Pearson r or Spearman's rho was used, depending on distribution, to test for correlation between variables. To examine the accuracy of handgrip values, the results from both right and left arm were tested for correlation against bioelectrical-impedance assessment results of muscle mass obtained from the Tanita electronic scale. A p-value equal to or less than 0.05 is considered statistically significant. The hypothesis of the present study is that strength may be used as a predictor for cardiometabolic risk factors. High values of BP sys , WC, total serum cholesterol and percent body fat are considered to be cardiometabolic risk factors, and the results from these variables were converted into z-scores. Similarly, poor results from the Andersen test and low values on HDl were considered to be less favourable and were therefore inverted before conversion into z-scores. All of these factors are considered to represent a common denominator for cardiometabolic risk factors and are to be used in a sum of z-scores. In an attempt to find the best variable for predicting cardiometabolic risk factors, a Receiver Operating Characteristic (ROC) analysis was performed with the variables handgrip strength, BMI, waist circumference (WC) and waist-to-height ratio (WHtR).
Results
Anthropometric results
The number of participants (n=2272) with valid results are displayed in Table I . An expected, significant increase with age for all anthropometric variables (p<0.0001) was revealed. Overall, the values are in line with normal reference values in a Norwegian child population [18] . Measurement of body fat shows that girls have a significantly higher percentage of body fat than boys at all ages. The opposite is revealed for muscle mass, as in most age-groups, boys display higher values than girls. Systolic blood pressure does increase with age (p<0.0001), but little differences between sexes were displayed. As seen in Table II , not all children volunteered for blood sampling (n=1344). Analyses using ANOVA showed significant variations across age for serum cholesterol (p=0.025).
Face validity
To test the face validity of handgrip strength, the results were compared with values of muscle mass measured by our Tanita electronic scale. Using the total sample, an r-value of 0.83 was revealed, and a similar result was disclosed when divided into sexes.
Strength and age
As Figure 1 shows, there is a significant increase in handgrip strength with age in both boys (p<0.0001) and girls (p<0.0001). The increase was 13.1 kg overall for boys and 12.2 kg for girls across all age-groups, giving an increase of 1.9 kg for boys and 1.8 kg for girls per age-group. Both boys (p<0.0001) and girls (p<0.0001) display overall significantly higher values for the right arm than the left, the absolute value being 1.2 kg for boys and 1.1 kg for girls.
Boys display significantly higher strength than girls overall for both arms (p<0.0001), with the absolute value of 1.1 kg for both the right and left arm. This was evident also for most age-groups, the p-value varying from p<0.012 to p<0.0001. However, for the youngest age-group no significant difference was found for right (p=0.662) or left (p=0.144) arm. Similar findings were revealed in the oldest agegroup for right (p=0.307) and left arm (p=0.093).
Cardiometabolic risk factors (sum of z-scores)
The ROC analysis, with the sum of z-scores for cardiometabolic risk factors to estimate the sensitivity and specificity, was used for the variables of handgrip strength, BMI, WC and WHtR. As displayed in Figure 2 
Discussion
Anthropometric and physical measures
As expected for this age-group there are few differences between sexes regarding anthropometric measures. Also, the higher values in percent body fat for girls and higher values for muscle mass for boys are as expected, even in this age category. The differences in WC, with greater circumference for boys in 10-and 12-year-olds, are somewhat less expected. As girls enter puberty earlier, the opposite result might be anticipated. The Andersen intermittent running test revealed that boys run for longer in almost all age-groups, which has been shown in other studies [17] . The variation in cholesterol does seem to shift from higher (non-significant) values for boys compared to girls in the youngest age-groups, towards higher (non-significant and significant) values for the girls compared to boys in the older age-groups. These findings may be due to girls reaching puberty earlier than boys and the associated changes in hormone levels during this period. No age pattern was shown regarding HDl-values; however, boys display higher values (significant and non-significant) than girls for all ages, except in the oldest age-group where similar values were shown. The latter may be due to fewer participants in this age-group.
Face validity
The muscle mass estimation using bioelectricalimpedance assessment may be used as a face validity measure of the handgrip results. Being aware of the limitations of such measurements, it still may be used as a verification of the accuracy in handgrip results. An r-value of 0.83 was shown, and hence gives a good indication that handgrip measurements may be used as a tool for estimating an all-over body muscle strength/mass.
Handgrip
The present study did not distinguish between strength in the dominant and non-dominant arm. The main reason for this is that no studies have found that the dominant/non-dominant hand is preferable when estimating health-related risk factors, only that there may be a difference in grip strength [19] . Other studies have found that the 10% rule for stronger grip in the dominant hand is valid only for righthanded people. However, in people with a dominant left arm, grip strength was equal in both hands [20, 21] . The results presented in the current study, when compared with the sum of z-scores, is therefore the mean result of grip strength from both hands.
Earlier studies indicate a positive association between the strength of grip and age [10] , with boys' grip being stronger than that of girls [10, 11] . The results from the present data imply that 6-to 12-yearold boys are stronger than girls. There may be physical as well as cultural aspects that make muscle development different in boys and girls. As Butterfield et al. (2009) observed, most cultures develop an environment where boys have both different dietary and playing activities that are likely to help in muscle development [10] .
Many studies have followed the guidelines of the American Society of Hand Therapists (ASTH), which recommend a seated subject, adducted shoul- [24] . Earlier findings show that neutral position of the wrist produced a force between what was found in pronated and supinated position [23] . These results imply that no position may be interpreted as superior, and the choice of test position perhaps should be chosen based on practical considerations. Due to time limitations, the current study chose to use a standing position with a straight elbow, neutral wrist and adducted shoulder in line with Steene-Johannessen et al. [7] .
In [7] , the present study reveals somewhat lower handgrip strength. Higher values were also displayed in a study by Hepping et al. from 2015 (collection year is not given) in the Netherlands [9] , despite the fact that it used similar equipment to the Holm et al. and Hepping et al. studies [9, 25] . There may be several reasons for the discrepancy between the studies, methodological issues being one. Holm et al. and Hepping et al. performed the procedures seated with the elbow at 90 o , and as mentioned above, this may or may not give a biomechanical advantage compared with a straight elbow. Apparently, as both Hepping et al. and Holm et al. showed 3-to 5-kg higher mean values across age for girls, the effect was substantial compared with the current results [9, 25] . SteeneJohannessen et al. measured strength with a straight elbow; however, the equipment used was different (Jamar Dynamometer vs Baseline Hydraulic Hand Dynamometer). Despite looking similar and supposedly measuring comparable results, the differences in results may partly be explained by the equipment used. As handgrip strength is related to weight and BMI, the slightly lower weight in the current 9-yearsold may also contribute to the lower values (boys 0.6 kg and girls 1.8 kg), but is less likely as no difference was found for BMI.
A plausible explanation for lower handgrip strength may also be the actual reduction in physical activity in the present sample. This was reported by Silvermann, who found a reduction in handgrip in North-American boys in several studies across 35 years [1] . The decline, or the lack of increase in strength, was surprising as the mean weight during the same period had increased considerably. The lack of both physical activity and vitamin D, the latter being important for building muscles, were given as plausible explanations [1] .
Cardiometabolic risk factors (sum of z-scores)
Muscular strength has been increasingly recognized in the pathogenesis and prevention of chronic disease, as a predictor of early death, age-related weight and adiposity gains [7, 26] . Better grip strength in both men and woman is associated with a significantly reduced risk of mortality from all causes in age-adjusted analyses [14] . At the same time, the level of strength in childhood may be associated with cardiovascular disease in older age [27] . It is therefore important to identify these factors as early as possible, and as noted in a study by Innes, testing muscle strength may easily predict lifestyle-related diseases such as cardiometabolic diseases [28] . Steene-Johannessen et al. discovered that the lowest quartile (weakest handgrip) scored higher on sum of z-scores, indicating more cardiometabolic risk factors with low handgrip strength [7] . In the present study, a similar analysis with quartiles like those of Steene-Johannessen et al. was performed and revealed a similar pattern (data not shown). However, the ROC analysis displayed a low AUC for handgrip strength, and the association found in the quartile analysis may be a confounding factor. As the ROC analysis is able to distinguish between variables that best indicate health and sickness, the present data do not support using handgrip strength as a screening tool for cardiometabolic risk factors. This is in spite of the fact that Matsudo et al. recently found that handgrip strength associates well with other fitness variables [29] .
Conclusions
A reference material for handgrip strength is presented for boys and girls aged 6-12 years. Boys are stronger in both hands compared to girls, and both sexes increase their strength with age. The values are somewhat lower compared to earlier studies in Norway, perhaps due to methodological issues or there may be an actual reduction in strength in the child population. The findings do not support the use of handgrip strength as a screening tool for cardiometabolic risk factors.
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